CHAPTER SEVEN: SECTION F 
FLOATING POINT ACCELERATOR (FPA) 



OVERVIEW 

The Sun Floating Point Accelerator (FPA) is a single VME style card, which can 
be added to the Sun 3 workstation to enhance floating point operations. By 
configuring the FPA card with the Sun 3 68020/68881 based CPU card, floating 
point performance is increased allowing greater application to development ar- 
eas in CAD. modeling, element analysis, simulation and other scientific, engi- 
neering or computational graphics endeavors. 

For correct operation of the FPA, the CPU board must have an operational 
floating point co-processor (68881 FPP) running at 16.67 Mhz. Failure of the 
FPP will cause the FPA to be ignored at boot time. 

The FPA card features the standard Sun triple height VME Eurocard. using 
state-of-the-art computational logic for floating point operations, implemented 
with Weitek 1164 and 1165 devices (64-bit IEEE floating point multiplier and 
ALU. respectively). In addition, the FPA card offers a two-level instruction 
pipeline, up to 32 user contexts, allows single or double precision IEEE 754 
formats and operations, and provides on-board logic for high performance in- 
terface control. 

7F.1 FLOATING POINT OPERATIONS 

For executing floating point operations. Sun 3 code (used exclusively on 68C20 
based Sun workstations) translates the high-level (coded) instructions into as- 
sembly code which is used to perform the floating point calculations. A Sun 3 
compiler supports these operations and allows the user four options to actually 
execute the instructions. These four options include software, the 68881. the 
FPA. or switched code. 

The first method, executing floating point in software, is actually the slowest 
means, but will run on any Sun 3 system. 

The second method executes floating point using the on-board 68881 floating 
point coprocessor. This method is faster than software, but also requires that 
the optional 68881 chip is resident on the host processor board. 
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Method three executes floating point by using the FPA board. This is the quick- 
est method the user can select, however, this requires that both the 68881 and 
the FPA card are available for the operation to transact successfully. This sec- 
tion then, will detail the architecture of the FPA card. 

The fourth and final nnethod utilizes a switching code. This method relies on 
having available libraries (under Sun 3 code) run under any one of the before 
mentioned methods. This method will run quicker if the FPA is installed. 



7F.2 FPA BUS INTERFACE 

The FPA is configured to the Sun 3 host processor using a subset of the Sun 
3 VME backplane, referred to as the FPA bus. In a typical configuration, the 
Sun 3 host processor board is set as the VME bus master, while the FPA is set 
as a slave on the VME bus. Thereby, the FPA will only respond to instructions 
(or operands) sent by the host processor to its instruction pipeline. The FPA 
bus is an asynchronous interface between the two boards. 

When the FPA responds to instructions from the host processor (via the FPA 
bus) it causes the Weitek chip set (1164 and 1165) to execute the requested 
floating point operation. When the results are written to RAM, the host proces- 
sor can read them over the FPA bus. The FPA then, will never arbitrate to 
become a bus master, and will therefore not initiate any transactions or opera- 
tions with any other device. 
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FIGURE 7F-1: FPA BUS INTERFACE TO THE HOST PROCESSOR 
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FIGURE 7F-3: FPA BOARD LAYOUT 
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All data paths to the FPA will be 32-bits wide, and all registers will be aligned 
on word or long word boundaries. Sizing will be determined by the dynamic 
sizing mechanism of the 68020. however. 32-bit accesses will be the only type 
accepted by the FPA. Figure 7F-2 illustrates the address and data path to the 
FPA. 
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FIGURE 7F-2: FPA BLOCK DIAGRAM 

The following Figures illustrate the layout, configuration and installation of the 
FPA board into an existing Sun 3 workstation: 
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7F.3 FPA ADDRESSING AND DATA PATH 

The FPA is configured within the private memory bus (slots 1 through 6) and is 
located in virtual address space. The base address of the FPA is found at 
OxEOOOOOOO. 

When the most significant address bits (A31-28) are set to OxE, and the sys- 
tem enable register (on-board the CPU card) indicate that the enable FPA bit 
has been set, transactions will bypass the MfvlU and go directly to the FPA 
card. The FPA will decode lower address lines to obtain details about the 
transaction to be performed. These transactions will be WRITE or READ opera- 
tions. 

Resulting transfers between the CPU and the FPA are determined by the CPU 
cycles. Under WRITE accesses to the FPA (an instruction or operand) the 
address and the operand are latched. An acknowledge will be generated by 
the FPA and sent immediately to the host processor. 

During a READ access, the requested data is fetched over the FPA bus to the 
host processor. READ accesses can.be simple flow-through operations 
) (status requests) where no microcode is executed, or microcode is executed 

to route the data (results) to the FPA bus. 

Since the FPA is operating outside of the MMU (in virtual address space), the 
MMU segment maps and page maps will provide no protection during the 
READAA/RITE accesses. To compensate for this, protected accesses are 
provided at two levels. 

The first level of protection comes from the enable FPA bit. which is set in the 
system enable register during accesses. This setting will prevent unauthorized 
use of the device by users which have not been granted one of 32 FPA user 
contexts. 

The next level will be generated by signals on the FPA bus which are set to 
differentiate between supervisor and user accesses. These context bits will 
prevent users from accessing each others result registers (resulting data from 
the operation is stored in these registers), and will prevent users from overwrit- 
ting the instruction register (microstore), the constants to be used for the op- 
eration, or the mapping RAfvl. 



^>' 



7F-3 



JUMPER 


PINS 


GRID LOCAL 


FUNCTION 


INSTALLED 




J0101 


1-2 


F10 


50 MHz elk 


1-2 IN 


J0301 


1-2 

3-4 


P2 


Shadow rd ack/nack 


1-2 IN(3/160) 
3-4 IN(3/260) 


J0302 


1-2 
3-4 


P3 


FPA access pending 


1-2 IN(3/160) 
3-4 1N(3/260| 


J0501 


1-2 

3-4 


P2 


Asynch cntrl for 1st pipe stage 


1-2 IN{3/160| 
3-4 IN{3/260) 


J0701 


1-2 

3-4 


H7 


Current version IMASK 


1-2 IN 


J0702 


1-2 
3-4 


H8 


Current version IMASK 


1-2 IN 


J0703 


1-2 
3-4 


H8 


Current version IMASK 


1-2 IN 


J1801 


1-2 
3-4 


F32 


4 VDC for WTL1164 (Multiplier) 

5 VDC for WTL1164 (Multiplier) 


1-2 OUT 
3-4 IN 


J 1802 


1-2 
3-4 


H32 


4 VDC for WTL1165 (ALU) 

5 VDC for WTL1165 (ALU) 


1-2 OUT 

3-4 IN 



TABLE 7F-1: FPA BOARD JUMPERS 



SECTION 


1 


2 


3 


4 


5 


6 


7 


8 


1 


OFF 


ON 


OFF 


ON 


OFF 


ON 


ON 


ON 


NOTE: For timeout for retry, and. 
count of consecutive retries 



TABLE 7F-2: DEFAULT DIP SWITCH SETTING 



7F.4 ADDING THE FPA TO AN EXISTING SYSTEM 

Please refer to Appen(jlx B of this manual for complete instructions on adding 
an FPA to an existing system. Please note that you must be running SunOs 
revision 3.1 or above. 



7F.5 FPA TESTS 

/usr/etc/fpa/fparel -v 

/usr/etcfmc68881 version (for the coprocessor) 
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Sun Microsystems and Sun Workstation are registered trademarics of Sun 
Microsystems. Incorporated. 

Sun is a trademaric of Sun Microsystems. Incorporated. 

The Sun logo ^^ is a registered trademark of Sun Microsystems. Inc. 

Multibus is a trademark of Intel Corporation. 



CAUnON This equipment generates, uses, and can radiate 
radio frequency enerp' and if not installed and used in 
accordance with the mstructions manual, may cause 
interference to radio communications. It has been tested 
and found to comply with the limits for a Class A comput- 
ing device pursuant to Subpart J of Part 15 of FCC Rules, 
which are designed to provide reasonable protection against 
such interference when operated in a commercial environ- 
ment Operation of this equipment in a residential area is 
likely to cause interference in which case the user at his own 
expense will be required to take whatever measures may be 
required to correct the interference. 
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Springfingcrs are metal strips that are installed between the edge of the PC board and the outer panel tc 
RFI emissions. Serrated metal "frngers" protrude from either side of the strip. 

InstallaUon of a board WITHOUT springfingcrs may affect RH emissions and may therefore affect FCC 
ance. Sun will no longer be responsible for FCC compliance If non-springfingered boards are added to i 
originally shipped WITH springfingers and FCC approval. 

If a board WITH springfingers is installed next to a board WITHOUT springfingcrs, the insulator shid 
outside of the fingers MUST be present to prevent possible shorUng of component leads to the springfin 

If a logic enclosure contains boards WITH and WITHOUT springfingers, use the foUowing guidelines: 

D Before removing a board WITHOUT sprin gfingers, remove the board to the left of it (or below it ft 
top modds) if that board is equipped WITH springfingers and an outer insulator shield- 

Q To replace any filler panel equipped WITH springfingers, pull out the air restrictor panel far enou- 
allow the springfingers to lay against the paneL Pudi both units into place simultaneously and fasti 
the appropriate fasteners. This procedure makes replacement of the filler panels eaaer and reduce 
chance of damage to the springfingers. 

D Always instaU a board WITHOUT springfingers first, and then replace the board WITH springfing 

insulator shield in the slot to the left of it (or below it). 
If a board WITH springfingers is installed next to a board or filler panel also equipped WITH springfit 
the outside insulator shields should be removed. 

Ensure that the insulator strip between the inner side of the springfingers and the PC board is inUct at j 
times. 

When removing and replacing boards with springfingers, check the condition of the insulator strip/shie 
and replace if damaged. 
Call 800-USA-4SUN with questions or for information on how to obtain additional insulator strips or si 



Printed circuit boards contain components sensitive to damage from electrostatic discharge that may o 
for example, when you walk across a carpet and then touch the board. Before handling a board, place ; 
hand on a conductive surface that is grounded to a common earth ground, (such as the metal screw or \ 
the AC wall receptacle) to discharge any static electricity from your body. 
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Sun Roating Point Accelerator Bo^rd General Description 



Tlie Sun Floating Point Accelerator (FPA) Board is a single-board option for Sun-3/lXX and -3y2XX woitstations. 
The FPA board improves floatiog point pciibnnancc, by an average factor of 3, over ttiat provided by the standard 
Sun floating poiiu logic. The illustration below provides the physical locations of the various FPA board configuration 
jumpers. 
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Figure I FPA Board Jumper Locations 
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Label 



J0301 



J0501 



J0302 



J0701 



J0702 
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J1801 
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_ 



Pins 
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1-2 
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In 
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In 
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In 
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In 
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* For 501-1 100 and 501-1206, pins 1-2 arc out and pins 3^ are in. 



Description 



Shadow read ack/nack 
OutforSun-3/lOO's. In for Sun-3/200's* 



Asynch cntrl for first pipe stage 
OutforSun-3/lOO's. In forSun-3/200's* 



FPA access pending 
OutforSun-3/lOO's. In for Sun-3/200's* 



Revision level 



Revision level 



Revision level 



4VDCforWTL1164 (Muldplicr) 
SVDC for WTLl 1 64 (Multiplier) 



4VDC for WTLl 165 (ALU) 
5VDC for WTLl 1 65 (ALU) 



50 MHz clock enable 
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J201 



Sw 



On/Off 



On 



On 



Off 
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Off 
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On 



On 



Description 



Bus timeout interval 
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Revision His 



Comments 



First release of this configuration 

procedure. 

Second release of this configuratioi 

procedure. 

Revision to include Sun-3/2xx 

configiuation data. 

Revision to include J201 DIP switc 

settings. 
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Introduction 



This manual describes how to use the Sun-3 Floating Point Accelerator (FPA) 
board, a tightly coupled optional peripheral which may be installed in some 
Sun-3 systems. 

The floating point accelerator accepts instructions from the FPA bus and uses a 
Weitek floating point chip set to execute floating point operations. It routes 
operands to the Weitek chips either from the FPA bus or from on-board registers 
and it places results in these registers for access by the host processor. The host 
processor sees the floating point accelerator as a location where it can leave 
instructions to perform floating point calculations, and come back later to obtain 
the results. 
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1.1. Purpose 



1.2. Using this Manual 
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This manual pnovides information to help you use the FPA board. It describes 
the basic functionality of the board, describes how to use the assembly language 
instructions provided by Sun, and provides information about the board's internal 
architecture, to help you create your own assembly language instructions. 

This manual is mostiy for assembly language programmers, or persons who are 
going to create assembly language for the FPA. 

In this manual, we use fonts to make things a linle clearer. The most common 
fonts are Roman, typewriter, «ra//c, and bold. We use them as follows: 

Roman 

Roman font is the standard for normal text, just as it appears here. 

Typewriter 

Typewriter font is mostly used for information in displays. 

Typewriter Bold 

Typewriter bold font represents something that you must type verba- 
tim into the computer. TTiis usually appears together with typewriter font; 
the computer output appears in typewriter, and what you must type appears 
in typewriter bold. 



Italic 



Italic font is either used for notes, or it represents a variable for which you or 
the computer must substitute some real value. For example: 
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This field contains a pointer to register nn 

Bold 

Bold font indicates that something deserves more attention than the sur- 
rounding text. 

1.3. Glossary In order to avoid confusion, this manual uses standard definitions for some com- 

mon words. These are: 

Access 

The word access describes one read or write of 32-bits of data by the host 
processor to the FPA board over the FP.A bus. 

Host Processor 

The host processor is the system CPU . 

Instructions 

In most of this manual, the word "instruction" describes the requests the 
host processor sends over the FPA bus to the FPA. One instruction may 
consist of one or two accesses. 

In discussions of the assembly language, the word "instruction" describes a 
line of assembly language code. 

Operation 

In the chapter on assembly language, the word operation describes the action 
initiated by a single assembly language statement. 

1.4. References See the following for additional information: 

□ Weitek 1 164/1165 Data Sheets 

□ Assembly Language Reference Manual foruhe Sun Workstation (300-13"-) 
a Motorola MC680:0 User's Manual 
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Protection 
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2.1. Code Generator 
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2.2. Functional Groupings 






This section describes the architecture of the FPA board, and provides a block 
diagram (Figure 2-1). 

The Sun-3 code generator translates high-level code into assembly code which 
performs floating point calculations. The Sun-3 compilers support options which 
provide the user a choice of 4 ways to execute floating point instructions: 

Execute Floating Point in Software 

This is the slowest method, but the compiled code will run on any Sun-3 
machine. 

Execute Floating Point using the 68881 

This option runs faster than the software option, but it requires the machine 
to have a 68881 coprocessor installed. Programs compiled using this method 
do not run on machines without a 68881. 

Execute Floating Point using the FPA 

This is the fastest method, but it only runs on machines having an FPA and a 
68881 installed. 

Switched Code 

This option generates code that, at run time, selects and uses the fastest 
hardware installed. Code generated using this option runs on all Sun-3 
machines, and it runs fast if the FPA is installed. However, its object files 
are larger and substantially slower than those generated for the explicit 
hardware options. 

Figure 2-1 shows the major FPA components. These are: 

1 Instruction and data pipeline — Receives addresses and data from the FPA 
bus and routes them onto the board. Holds the current instruction and one 
pending instruction. 

2 Register RAM and supporting circuits — Holds operands, results from the 
Weitek chips, and mathematical constants. 

3 Data Multiplexer — Acts as a switch to move data between the register 
RAM and the Weitek chips, and in from the data portion of the instruction 
pipe. 
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4 The Weitek chip set — Consists of a Weitek 1 1 64 (muhiplier) and a Weitek 
1 165 (ALU); these actually perform the floating point operations. 

5 Micromachine — Provides control signals for the other pans of the board 
and stores status signals from other parts of the board. 

The FPA board accepts instructions from the FPA bus, and causes the Weitek 
chips to perform the required floating point operations. Then it places the results 
in register RAM where the host pnDcessor can read them. 

From the FPA bus, instnictions enter the pipeline. It has storage capability for an 

active instruction and a next instruction, so it can receive a second instruction 

before it finishes the firsL 

An on-board micromachine controls the sequence of events required to execute 

an FPA instruction. Instnictions enter the pipeline and are executed by the 

micromachine. 

Register RAM is the FPA's central RAM space. It pnDvides temporary storage 
for operands and results, and pnavides semi-permanent storage for mathematical 
constants such as pi. The semi-pennanent ponion of register RAM is sometimes 
referred to as constant RAM. 

The register portion of the register RAM is divided into 32 contexts, each with 
32 registers of 64 bits. 

The constants are universal; new constants may be added in future releases, but 
existing constants will never move and will never be deleted. Thus the value for 
pi will always remain at the same address. 

Shadow RAM always contains an image of the lower 8 register in the current 
context (FPR0-FPR7); it is designed to be read quickly by the host processor. On 
context changes, an instmcrion must be sent to the FPA to update these registers. 
Whenever possible, the host processor should read its results from the shadow 
RAM. 

Once the Weitek chips receive operands and instructions, they perform the opera- 
tion as requested and output the result to the data flow control block, which 
places them in the register RAM. The host processor specifies where the results 
are to be placed; it must then read this address or its shadow RAM equivalent to 
obtain the result 

The FPA is configured as a tightly coupled peripheral to the host processor. It 
sits on the system backplane, and uses a common subset of all the Sun-3 bus 
types. This common subset is called the FPA bus. 

The FPA addressing appears in Figure 2-2. 

The FPA decodes address bits A02 - A 12 to obtain details about the command. 
These identify the operation to be performed and provide other details. 

If the access is a read, the requested value is fetched and returned to the proces- 
sor. If the access is a write and the instruction pipe is not full, the FPA latches the 
address and operand and returns an acknowledge to the host processor 
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Protection 



Weitek Errors 



FPA Errors 



immediately. 

Because the FPA resides in virtual address space, and does not use the MMU, it 
requires other means to keep non-FPA users from accessing the FPA, and to keep 
FPA users from accessing each other's registers. The EN'.FPA bit in the host 
processor's system enable register keeps unauthorized users from accessing the 
FPA. The FPA state register keeps track of which user is running and what each 
user is allowed to do. It is described in the chapter "Control Registers" later in 
this manual. 

FPA enors fall into two broad categories: Weitek generated errors and FPA gen- 
erated errors. 

The Weitek generated errors include all IEEE 754 errors, and any errors specific 
to the Weitek chips. These generate a bus error, set the WERR indicator bit, and 
get their status reponed in the Weitek status register (WSTATUS) at the end of 
each pipeline instruction. 

Only instructions which execute through the microcode produce Weitek errors. 
A bit in the intenupt mask register (IMASK) can be used to mask inexact errors. 
When this bit is ON, Weitek inexact errors generate a bus erron when it is OFF, 
the error is masked. The fact that the result was inexact is still reponed in 
WSTATUS, but the indicator bit (WERR) is not set and no bus errors are gen- 
erated. 

For more on the WSTATUS and IMASK registers, and the WERR bit, see the 
chapter "Control Registers". 

Other errors, caused by conditions on the FPA board, are generated immediately. 
The access which generated the error receives a negative acknowledge, and the 
cause is recorded in the lERR register. 

The types of errors recorded in the lERR register are: 

o Non 32-bit access. 

D Protection violation — a) user writes to supervisor space, b) attempt to write 
to register RAM without register RAM access enable bit set, c) attempt to 
access map RAM or micnastore RAM without load enable bit set, or d) 
anempt to access illegal address. 

D Illegal access — Trying to write a read-only address or read a write-only 
address. 



Illegal microcode execution • 
load enable bit is set. 



• Attempt to execute using microcode when 



D 

D 



Hung pipe — Pipe access, shadow access or control access. Indicates 
Weitek error. 

256th retry 

Access to illegal control register address. 
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Timing and Handling 



The lERR bits that idendfy diese errors are described in the chapter "Control 
Registers". 

The handling and dming ofWeitek errors depends on the type of error and the 
type of access. The access is transparent if the FPA does not need to advance 
the pipe before handling the error. Errors occurring during transparent accesses 
receive group 1 handling. The access is non-transparent if the FPA does need 
to advance the pipe before handling the error, errors occurring during non- 
transparent accesses receive group 2 handling. 

The following sequence of operauons illustrates this difference (assume the pipe 
is empty when it starts): 

regl < — reg2 / reg3 

Because the pipe is cleared there is nDom for this instruction. (Group 1 — 
transparent access) 

reg2 < — regl + op 

Even though this instruction requires the updated regl from the previous 
instrucdon, there is room in the pipe, so this access can be accepted. This is 
true of both accesses if the instruction is composed of two accesses. (Group 
1 — transparent access) 

read reg4 

Reg4 can be read from the shadow rams without waiting for any pipeline 
instrucdon which could be in the pipe to complete. (Group 1 — transparent 
access) 

reg9 < — reglO - regll 

Because the pipe has received two instructions since it was last cleared, one 
of these must complete before the first access of this instruction can be ack- 
nowledged. (Group 2 — non-transparent access) 

Read WSTATUS from "clear pipe" address 

The WSTATUS register can be read from two addresses - a "clear" address 
and a "stable" address. If read from the "clear" address, the data is not 
returned until all instructions in the pipe complete (pipe is clear), or until the 
pipe is hung. If read from the "stable" address the pipe stabilizes before the 
status is returned. Bus errors are generated only if this register is read from 
the "clear" address. (Group 2 — non-transparent access) 

A pipeline instruction which generates an error will not fall out of die pipe. 
Instead, it hangs the pipe so die error handling routine can identify die source of 
die error. The following algoridim for handling errors is implemented in 
hardware: 
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ir (access produces an liiBn«dlai.e ■rror] THEN 

return neoa-.lv. ackno-ledce : ary pending WeJtek errors are Ignored 

ELSE 

CASE: 

(access ~ transparent) : return positive acknowledge 

(access -- non-transparent): 

IF (there Is a WERR pending) THEN 

return negative acknowledge 
ELSE 

wait t£or pipe to progress (this 
will convert access to a 
transparent access) OR 
for a WERR to occur (pipe 
will hang)! 

ir (there If a WERR pending) THEN 

return negative acknowledge 
ELSE 

return positive acknowledge 
END IF 
ENDir 

ENDCASE 
ENSIF 



The software uses the following algorithm for handling errors: 
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Rajd ch« lERR iCiCus r»Qlst«r 

IF (th«r« 1» in imm«dlat« •rroclTHEN 
aborc tht usar 

not«: I£ th« jani* accaas 1» again placad to tha FPA 
anochar bu» arror will ba lisuaa by tha FPA. 
Tha only itata aaioelacaa with an Imtadlata 
arror la tha lERR raoHtar which Is not uaad 
by tha harowara. It axlats only to Indlcata 
tha aourca of tha arror to tha proeasaor. 

ELSE 

raad HSTATOS raglstar fro» "itabla pipa" addrasa 

;rPA waits for plpa to itablllia bafore 

.■acknowladglng. 

.•Status Is raad from "claar plpa" 

.•addrass rathar .-than ••itabla pipe" 

;adar8ss to guarantaa that tha FPA 

:wlll Issu* a poxltlva acknowlaogc. 

IF (unlmplanantad Instruction arror) THEN 

abort tha uaar 
ELSE 

raad contanti of tha plpa 

write any value to CLEAR_PIPE register to clear the pipe 

;also clears Werr Indicator In the 
iWSTATUS register 

re-axecuta faulting Instuctlon using 

the 68020 and 68881 or soma 

other method 
update appropriate FPA registers with results 

from re-executlon 

retransmit unexecuted Instructions or partial 

Instructions which ware read from the plpa 

return control to tha usar 
ENDIF 
ENDIF 
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Figure 2-1 


System Block Diagram 






f 






"\ 



Address 


Next 
Instruction 




Active 
Instruction 






Micro 












Machine 
















Data 


Data 

Row 

Control 






/ 


k 


























Reg. and 
Const. RAM 




Weitek 
Chips 










y 


I ' 




— *■ 






Data,'results/. 


; tarns 













o 



A sun 



Sun FPA User's Manua! 



14 Sun FP A User's Manual 



Figure 2-2 FPA Addressing 
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This chapter describes the machine-level code for all FPA accesses. It describes 
the ways to access FPA registers and send instructions to the FPA, and it 
describes the bits used in these accesses and instructions. 

If you are going to use the assembly language instructions provided by Sun, you 
should have no need of the information in this chapter. 

In this chapter, the 32 register RAM registers assigned to each context are 
represented as FPRO through FPR31. In the instruction bit displays, the fields 
where the bits specify a register are represented as reqN, where N is a number. 
For example, if the field reg2 held the data 0001, then it would idemif>' 
FPRl. 

In any access or instruction, address bits 28 through 3 1 must be OxE to specif>- 
the FPA board. Bits 02 through 12 specify the type and parameters of the access, 
and the other bits should be O's. 



3.1. Register Accesses 



Register accesses provide the ability to read and write to the FPA registers, 
including the register RAM space, and the shadow RAM. 

Register accesses are further broken down into 4 types; register RAM accesses, 
shadow RAM accesses, load pointer accesses, and control register accesses. 



Register RAM Accesses 



The following address scheme accesses one of the 64-bit register RAM registers 
in the current context: 



ADDRESS 

12 8 7 3 2 10 
+ + + + + 

I 01100 I reg sel I S I 00 I 

+ + + (. + 

I I I |_Unused 
I I |_Significance 
I |_Regi3ter select 
|_Type identifier 



DATA 
31 
+ 

I 

+ 



data 



The type identifier identifies this as a register RAM access. 



r" 
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Shadow RAM Accesses 



Load Pointer Accesses 



O 



The register select specifies the address of one of the register RAM registers in 
die current context (FPRO dirough FPR31). 

The significance bit specifies die significance of die operand; if bit 2 - 0, die data 
field contains die most significant portion of die operand; if bit 2 - 1, die data 
field contains die least significant portion of die operand. For single precision 
operands, bit 2 must be 0. 

Shadow RAM provides fast read access lo die lower 8 registers in die current 
context. During a shadow RAM access, die hardware first determines diat die 
requested datum will not be updated as a result of instructions currendy in die 
pipe. If die value will be updated, die hardware waits for die instruction to com- 
plete before performing the shadow RAM read. 

Instructions which will update more dian one register cause all die shadow regis- 
ters to be interlocked until the instruction completes. These instructions include 
matrix moves, sincos, and matrix transposes. 

Shadow RAM accesses use the following format: 

ADDRESS DATA 

12 -65 3210 31 

+ + +-+ + + 

I 0111000 I reg sel IS I 00 I ! 

+ + +-- f + + 

I I I |_Unu3ed 

I I |_Significance 

1 |_Register select 

l_Type identifier 

The type identifier identifies diis as a shadow RAM access. 

The register select specifies die address of one of 8 shadow RAM addresses 
(FPRO du-ough FPR7). 

Load pointer accesses provide a way to access any of die 2k addresses in die 
register/constants RAM. Load pointer bits 2 dirough 12 specify die register 
RAM address to be accessed, and die read/write line identifies die access as a 
read or a write. Note diat if die microcode access bit in die STATE register is 
not set, it can still be read, but writes return an immediate negative acknowledge. 



data 





-+ 

I 

-+ 



These accesses use the following format: 

ADDRESS 
12 7 6 3 2 10 

+ + +-+ + 

I 011101 I access type I a I 00 I 
+ + +-+ + 



DATA 

31 
+ 

I 

+ 




•+ 



data 



I I l_Bit significance 

I |_Acce33 type 
|_Type identifier 

Address bits 7 to 12 identify this as a load pointer access. 
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Control Register Accesses 



Diagnostic Accesses 
3.2. Instructions 



Single Precision Short 



BiLs 6 to 3 further identify the type of access, as follows: 

0000 - Reader write the RAM location specified by the load pointer. This 
is the normal usage. 

0001 - Read or write the RAM location specified by the load pointer, and 
do the read using the recovery register. This command is used by diagnos- 
tics to test the recovery register (the recover' register is described in the 
chapter "Control Registers"). 

Ifbit2-0. the operation accesses the most significant 32 bits; if bit 2- l.then 
the operation accesses the least significant 32 bits. 

This section describes how to access the FPA control registers. For a complete 
list of the control registers, including their functions and addresses, see the 
chapter "Control Registers". 

Control registers accesses use the following format: 

ADDRESS DATA 

12 8 7 2 10 31 

+ + + + + + 

I 01111 I reg. select 1 00 I I data I 

+ + + + + + 

I |_Register select (see chapter '"Control Register;' 
|_Type identifier 

The type identifier identifies this as a control register access. Note that this field 
provides the OxF (in Table 6-1) for the register address. The reg. select field 
provides the middle 6 bits of the register address, and the last 2 bits of the regis- 
ter address are always leros. 

The register select specifies which register is being accessed. 

Diagnostic accesses are used for diagnostics only; they should never be used dur- 
ing normal operation. 

The FPA provides 4 different types of instructions; 1) single precision short, 2) 
double precision short, 3) extended, and 4) command register. Like the register 
accesses described above, address bits 31 through 28 access the FPA board, and 
bits 12 through 2 identify the command type, the operation, and other details 
about the command. 

The following sections describe the commands and their variations, and identify' 
the different operations available: 

A single-precision shon command processes a 32-bit operand in single-precision 
format. It uses the following format: 
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(... 



Address 



Data 



12 11 10 

+ + 

I 00 I op 
+ + 



76 3210 31 

+ + + + + + 

I regl | I 00 t I operand 1 

+ + + + + + 

I I |_Addres3 of register 1 

I |_Opcode 

|_Corninand identifier 

The command identifier identifies this as a single precision short. 
The opcode specifies the operation. The choices are: 
Opcode Name Operation 



Double Precision Short 



0000 
0001 
0010 
0011 
0100 
0101 
Olio 

0111 

1000 
1001 
1010 

1011 
1100 
1101 



1110 



nop 

negate 

absolute value 

convert to floating point 

fix (convert to integer) 

convert to double 

square 

add 

subtract 
multiply 
divide 



regl <- -(operand) 
regl <- 1 operand I 
regl <- float operand 
regl <- fixed operand 
regl <- converted operand 
regl <- operand'operand 

regl <- (regl + operand) 

regl <- (regl - operand) 

regl <- (regl * operand) 

regl <- (regl / operand) 



reverse subtract 
reverse divide 
compare with 



compare 



1111 compare magnitude 



regl <- (operand) - regl 
regl <- (operand) / regl 
Status reg (WSTATUS) gets 
updated based on operand 
compare with 
Status reg gets updated 
based on regl compare 
with operand 
Status reg gets updated 
based on regl compare 
magnitude with regl 



The regn field specifies the register where the results will go. It must be one of 
the lower 16 RAM registers available in this context. 

The double precision short command worics similarly to the single precision 
short except that it requires 2 accesses: one to load the most significant word of 
the operand and one to load the least significant word: 



c 
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Address 

12 11 10 
+ + 

I 00 I op 

+ + 

I I 



Data 

76 320 1 31 

._+ + + + + 

I regl | 1 I GO 1 I ms half operar.d 

— + + + + + 

I Address of register 1 



|_Opcode 
Conunand identifier 



12 11 10 3 2 1 

+ + + + + 

I 10 I not used | x I 00 1 

+ + + + + 

I Command identifier 



31 



I Is half operand 

+ 



The command identifier identifies this as a double precision short, and identifies 
which half of the double precision short this is. 

The opcode specifies one of the following: 

Opcode Name Operation 



0000 


nop 


0001 


negate 


0010 


absolute value 


0011 


convert to floating poin 


0100 


fix (convert to integer) 


0101 


convert to single 


Olio 


square 


0111 


add 


1000 


subtract 


1001 


multiply 


1010 


divide 


1011 


reverse subtract 


1100 


reverse divide 



1101 compare with 



1110 compare 



1111 compare magnitude 



regl <- -(operand) 
regl <- [operandi 
regl <- float operand 
regl <- fixed operand 
regl <- converted operand 
regl <- operand'operand 

regl <- (regl + operand) 

regl <- (regl - operand) 

regl <- (regl * operand) 

regl <- (rsgl / operand) 

regl <- (operand) - regl 
regl <- (operand) / regl 

Status reg gets updated 
based on operand compare 
with 
Status reg gets updated 
based on regl compare 
with operand 
Status reg gets updated 
based on regl compare 
magnitude with operand 
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Extended Instructions Extended instructions require two transfers, but they provide 22 bits of 

specification information. The first transfer contains enough information to get 
the operation started: 



Address Data 

12 11 7 6 3 2 10 31 

+ — + + +-+ + + " 

11 I op I reg2 |P|00 I I ms half operand I 
+ — + + +-+ + + -*■ 

II I |_Preci3ion 

I I |_Addre33 of register 2 

I |_Opcode 

|_Cormnand identifier 

12 11 10 7 6 3 2 31 

+ + + + + + + 

I 11 I reg3 I regl 1000 I i Is half operand I 
+ + + + + + -*■ 

I I |_Addres3 of register 1 

1 |_Addre33 of register 3 

|_Corranand identifier 

The two command identifiers identify this as (respectively) the first and second 
halves of an extended instruction. 

The opcode specifies one of the extended commands. These are listed later. 

The register addresses identify the registers for the operation (FPRO through 
FPR15). 

The precision bit specifies whether this is a single or double precision command. 
P - specifies single precision; P - 1 specifies double precision. For single pre- 
cision operations, the ms half holds the operand and the Is half is not used. For 
double precision operations, the ms half holds the ms half or the operand and the 
Is half holds the Is half of the operand. 

The extended instructions support the following operations: 
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Opcode Name 



00110 
00111 
01000 
01001 

01010 
01011 

10000 
10001 
10010 
10011 
10100 
10101 
10110 
10111 
11000 
11001 
11010 



add 

subtract 
multiply 
divide 

reverse sub 
reverse div 



Operation 

regl <- reg2 + operand 
regl <- reg2 - operand 
regl <- reg2 * operand 
regl <- reg2 / operand 

regl <- operand - reg2 
regl <- operand / reg2 

regl <- reg3 + (reg2 * operand) 
regl <- reg3 - (reg2 * operand) 
regl <- (- reg3) + (reg2 * operand) 
regl <- reg3 * (reg2 + operand) 
regl <- reg3 * (reg2 - operand) 
regl <- reg3 * (-reg2 + operand) 
regl <- operand + (reg3 * reg2) 
regl <- operand - (reg3 * reg2) 
regl <- (- operand) + (reg3 * reg2) 
regl <- operand * (reg3 + reg2) 
regl <- operand * (reg3 - reg2) 



NOTE The following operations use the most significant half of the operand as a single 
precision ' 'operandi' ' , and the least significant half as a single precision 
"operandi" . These operations are defined only for single precision: 

operand2 + (reg2 * operandi) 



00000 
00001 
00010 
00011 
00100 
00101 



regl 
regl 
regl 
regl 
regl 
regl 



<- 
<- 
<- 

<- 
<- 
<- 



operand2 

-operand2 

operand2 

operand2 

ODerand2 



■ (reg2 * 
+ (reg2 

► (reg2 + 

► (reg2 - 



operandi) 
' operandi) 
operandi) 
operand) 



(-reg2 + operand) 



Command Register 



Command register instructions allow the FPA to perform complicated commands 
with only 1 access. Because command informadon is encoded into the data field 
as well as the address field, the operands used by the operation must already be in 
the required registers. 

Note that because the regl and reg4 fields are 5-bits wide, this format can 
specify from FPRO to FPR31. The reg2 and reg3 fields are 9-bits wide. The 
C fields associated with reg2 and reg3 control which register that field 
specifies: if C - 0, the field specifies a register from FPRO to FPR31 and the 
high 4 bits are ignored. If C - 1, the field specifies an offset into constant 
RAM (see Appendix A). 

The P bit specifies the precision: - single precision and 1 - double precision. 

The format of command register instrucuons is: 
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Address 

12 10 9 8 3 2 10 

+ +_+ +-+ + 

I 010 |W1 op IPl 00 I 

+ +_+ +-- 1- + 

I I I l_Precision 

I I |_Opcode 
I |_Weite)c direct 

I Command identifier 



Data 
31 30 



26 25 24 



16 15 14 



+ + 

I X I reg4 



6 5 4 

._+ +— 



I C 



reg3 



I C I reg2 



1 X t regl I 

.+ + + 



I 



I I l_Addr regl 

I |_Addres3 of reg2 
|_Operand source for reg2 
^Address of reg3 
|_Operand source for reg3 
^Address of reg4 

If W - 1, then the operation is performed as defined by the Weitek specification. 
In this case, the bits in the opcode field correspond to the following Weitek con- 
trol bits: 

Bits 8 - 4 - F+ bits 5-1 

Bit 2 - F+ bit (indicates precision) 

Bit 3 - Which chip to trigger (0 - ALU, 1 - Multiplier) 

Weitek operations take the form: 
regl <- reg2 Weitek_op reg3 

If W - 0, the command register command supports the following operations: 
Opcode Name Operation 

regl <- sine (reg2) 

regl <- cosine (reg2) 

regl <- arctangent (reg2) 

regl <- e* (reg2) - 1 

regl <- ln(l + reg2) 

regl <- e" (reg2) 

regl <- ln(reg2) 

regl <- sine (reg2) 

reg4 <- cosine (reg2) 

NOTE Certain transcendental functions may hang if the mode register contains a value 
other than 0x2. 



000000 


sine 


000001 


cosine 


000011 


arctangent 


000100 




000101 




000110 




000111 




110000 


sincos 
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010000 
010001 
010010 
010011 
010100 
010101 
010110 



regl < — reg2 

regl < — reg3 + (reg2 * rec4) 

regl < — reg3 - (reg2 * reg4) 

regl < — (-reg3) + (reg2 * reg4) 

regl < — reg3 * (reg2 + rec";) 

regl < — reg3 * (reg2 - reg'S) 

regl < — reg3 * (-reg2 + reg4) 



NOTE 



The following matrix operations are also provided: 

For all matrix move instructions in command register format, the result is 
undefined if the matrices overlap. 

010111 - regl <- (reg2) * (reg3) + (reg2+l) * (reg3+l) 

011000 - regl <- (reg2) * (reg3) + (reg2+l) * (reg3 + l) + 

(reg2+2) » (reg3+2) 

011001 - regl <- (reg2) * (reg3) + (reg2+l) * (reg3+l) + 

(reg2+2)*(reg3+2) + (reg2+3) * <reg3+3) 

110001 - 2x2 matrix move - 4 consecutive values starting 
at reg2 are moved to locations starting at regl 

110010 - 3x3 matrix move - 9 consecutive values starting 

at reg2 are moved to locations starting at regl 

110011 - 4x4 matrix move - 16 consecutive values starting 

at reg2 are moved to locations starting at regl 

110100 - transpose 2x2 matrix - the matrix with element 

1,1 pointed to by regl is transposed. 

110101 - transpose 3x3 matrix - the matrix with element 

1,1 pointed to by regl is transposed. 

110110 - transpose 4x4 matrix - the matrix with element 
1,1 pointed to by regl is transposed. 



Other miscellaneous instructions: 

011010 - load Weitek mode controls bits 3-0 

NOTE See the Weitek literature for definition of modes. The data source for mode bits 
3-0 is bits 3-0 of the data operand. The FFA checks these accesses to ensure that 
bits 04 through 31 are O's, or that bits through 31 are 0x80000000. and hangs 
if they are not. 

Operating system commands: 
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NOTE 



101111 (P-0) - Initialize Weitek mode control bits 15-4 
as follows: 

a) load multiplier with value 0x046 

b) load ALU with value 0x00 6 

After the Initialize command the Weitek error bits are undefined until the end of 
the first Weitek instruction. 

111000 (P-1) - Update the shadow registers. 

101011 (P-0) - Load Weitek status register (WSTATUS) 

This instruction restores the Weitek status. Bits 8 through 11 of the data field are 
written to bits 8 through 11 of the WSTATUS register, then these bits are 
decoded to generate bits through 4, bits 8 through 11. and bit 15 of the 
WSTATUS register. Bit 13 (status valid) is set (1). and bit 14 (unimplemented 
instruction) is reset (0). These decodings are described in the WSTATUS section 
of the chapter "Control Registers" . 



101011 (P-1) - Unimplemented instruction. Returns a bus 
error with the unimplemented bit set in the bus error 
register. 



lOOxxx (P-1) - Reserved 



101101 
111001 



(P-0) - Reserved 

(P-0) - Checks the user registers of the current 
context for any hardware faults. This check 
is destructive: the contents of all user registers 
the current context will be destroyed. 



111001 (P-1) - Checks the user registers of the current 
context for any hardware faults. This check 
is non-destructive. 
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Assembly Language Programming 



This chapter describes the syntax of the Sun FPA assembly language instrjc- 
tions. 

NOTE This chapter describes the subset of the assembler which hardies FPA ins:ruc- 
tions. For information about the rest of the assembler, see the "Assembly 
Language Reference Manual for the Sun Workstation" (800-1 372}. 

4.1. Definitions This chapter consists of two parts; the instruction set summary at the end of the 

chapter, and information to suppon the instruction set summan.'. The nrs: sec- 
tions describe the types of instructions and the different symbols used. Tne 
instruction set summary (Table 3-2) provides a complete list of all the FPA 
assembler instrucdons, and shows the different operands and their order. 

NOTE Each line of code in the assembly language program is called an instruction. Do 
not confuse the word' instruction used in this chapter with the 'instructions' 
sent b\ the CPU to the FPA over the bus. 



The following sections define the elements used in this chapter. 



Instruction Notation This chapter uses the following format to display FPA instructions: 

tpopl@A operands 

where: 

a f p identifies an FPA instruction 

Q op is the opcode name 

n t identifies the precision; s = single precision, and d = double precision. For 
cenain instructions, it can be / for long; these instructions are specially 
noted. 

D (§iA is optional; it is used to specify an address register between and 7 
which contains the FPA base address. Note that this register must contain 
the FPA base address (OxEOOOOOOO) before this fonm can be used. If this 
element is not present, then absolute long addressing, which is more efficien; 
for shon routines, is used to refer to the FPA. 

□ The opierand can be one of ihe following: 
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FPA Registers 



Operand Types 



4.2. Instructions 



X represents either a 68020 effective address, or an FPA data register. 
Usually, if X is an FP.A. register, the assembler uses a command regisier 
command. 

<ea> represents an 68020 effective address. 

%x represents a register in constant RAM. x must be between and 
511. For locations in constant RAM, see Appendix A. 

dn:dn represents a data register pair; zn-.zn represents an address register 
pair. 

FPA opcode names use the letters f p followed by an abbreviation that 
represents the action the opcode performs. For example, the opcode fpsuirs 
specifies a subtraction. Cenain instructions specify reversed operations; 
these begin with the letters fpr. For example, the opcode fprsucs specifies 
reverse subtraction. 

The 32 FPA registers associated with each context are referred to as fpaO through 
fpa31. In examples, they are referred to as fpaj:, fpay, fpar, and fpan, where fpa/i 
is the destinauon register. 

Some instructions only allow access to fpaO through fpal5. When this is the 
case, it is specified in the description of the instructions. Other operations allow 
access to constant RAM; these are identified by a percent sign. For example: 

\x 

specifies address x in constant RAM. 

Writes to fpaO through fpa7 update shadow R_AM automatically. To optimize 
FPA speed, place results to be read from the FPA to the CPU in these registers 
whenever possible. 

The assembler supports the following types of operands: 

D A 68020 effective address. However, a) absolute shon addresses are not 
allowed for double precision values, and b) if either the data register or the 
address register is used to hold a double precision value, then this value must 
be in a register pair, and both registers must appear separated by a colon (for 
example dO:dl). The instruction fpltod (convert integer to double precision) 
is an exception to this rule. 

a Any of the 32 floating point data registers. 

n Fpamode or fpastatus registers 

a An address in constant RAM. 

The FPA instructions are divided into classes based on the numbers of operands 
they require. The following sections describe each. 



^- 
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Two Operand Instructions 



Three Operand Instructions 



Two opierand instructions include things like add, multiply, conver. from integer 
to floating pxDint, and square rooL They are represented as: 

fpopt X,fpa/i 

X can be any valid 68020 effective address for an operand, or it can be an FPA 
register. If it is an FPA register, it can be either a register in constant RAM (0 tc 
511), or an FPA data register (0 to 31). 

If X is an FPA register, then fpan must be an FPA data register in the range to 
31. If X is an effective address, then fpan must be an FPA data register in the 
range to 15. 

The following examples show some 2-operand instructions: 

fpnegs <ea>, fpal 

fpsqrd 

fpsubs 

fprsubs 

fpdivs 

fprdivs 



<ea>, fpa2 
fpal, fpa2 
fpal, fpa2 
do, fpa2 
dO, fpa2 



fpa2 <— fpa2 - fpal 
fpa2 <— fpal - fpa2 
fpa2 «- fpa2 / dO 
fpa2 ♦- do / fpa2 



The opcodes for sine, cosine, atan, e'x, e"x-l, ln(x), ln(l+x), sqn(x), and 
sincos(x) are all supported as register instrucdons. They use the following form: 



fpopt 



fpax, fpa/i 



fpar is either an FPA register or a register in constant RAM. For sincos instruc- 
tions, the destination opjerand is actually a register pair. For example: 

fpsincos fpan, f par: fpaJ 

where fpac is the cosine destination, and fpar is the sine destination. 

The instructions add, subtract, multiply, and divide are supported in extended and 
command register form as follows: 

fpop3t X, f pax, f pa/j 

If X is an effective address (<ea>), the operation is an extended command; if X is 
an FPA register (fpax or 7ox), then the operation is a command register com- 
mand. 

For extended instructions, fpax and fpay must be in the range to 15. 

For additions and multiplications, the first two operands can be exchanged 
without changing the result. For example: 
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fpadd33 <ea>, fpal, fpa2 

is equivalent to: 

fpadd33 fpal/ <ea>, fpa2 

Division and subtraction operations are not commutative; while the instructions 
will work with the operands exchanged, the result will be different. For example: 

fpa2 *~ <ea> - fpal 

must be coded as: 

f3ub33 fpal,<ea>,fpa2 



Four Operand Instructions 



NOTE 



Multiply-Add 



Four-operand instructions take the form: 
fpopt X, f pajt, fpay, f paz 

Fpay and X can be exchanged in both single or double precision instructions. In 
single precision form, two of the four operands may be effective addresses 
(<ea>); these are either the first and third, or the second and third operands. 

With commutaxive operators, the position ofX andfpax can be exchanged. 

Just like in 3-operand instiucdons, if X is an FPA register, the instruction is a 
command register command, and if X is an effective address, the instruction is an 
extended instruction. 

In the command register form, fpai and fpay can specify constant RAM registers 
by using the form: 

%j: and %y 

When X is an effective address, fpar, fpay, and fpar must be in the range to 15. 
If X is an FPA register, fpax and fpar must be from to 31, and fpax and fpay can 
be either to 3 1 (FPA register), or to 5 1 1 (constant RAM). 

The fpma instruction does a multiply, then an add. It can be generalized as: 
f pmaf X, fpax, fpay, fpan 

t can be either s or d, and X is either an <ea> or fpaO through fpa3 1 . In the 
extended form, X and fpay can be exchanged. In single precision form, either X 
and fpay or fpax and fpay can be <ea>. 

Note that the following example: 

fpmas do, fpal, fpa2, fpaS 

is equivalent to the following sequence of instructions: 
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Multiply-Subtract 



fpmul33 
fpadd3s 
fpmoves 



dO, fpal, terr.p 
temp, £pa2, ten-p 
temp, fpa3 



where temp is a temporary register. 

The following examples show the different forms of operations, and an assembly 
code equivalent for each form: 

regl ♦- reg3 + (reg2 * operand) -♦ fpmafs.d) <ea>, reg2, rec3, reel 

regl «- operand ♦ (reg3 • reg2) -♦ fpma(s,d) reg2, reg3, <ea>, reel 

regl t- reg3 + (reg2 • reg4) -♦ fpma{s,d) reg-!, re92, recj, reel 

regl ♦- operand2 * (reg2 * operandi) -♦ fpr-.as <eal>, rec2, <ea2>, re = l 



The multiply-subtract instruction takes the form: 
f pms; X, fpax, fpay, fpan 

t can be either s or d, and X is cither an <ea> or fpaO through fpa3 1 . In the 
extended form, X and fpay can be exchanged. In single precision form, either X 
and fpay or fpax and fpay can be <ea>. 

Note that the following example: 

fpmss fpal, fpa2, dO, fpa3 

is equivalent to the following sequence of instructions 



fpmul3s 
fpsub3s 
fpmoves 



fpal, fpa2, temp 
temp, dO, temp 
temp, fpa3 



The following examples show the different forms of operations, and an assembly 
code equivalent for each form: 



regl <— reg3 - (reg2 • operand) 
regl 4- operand - (reg3 * reg2) 
regl «- reg3 - (reg2 • regO 



-+ fpms(s,d) <ea>, reg2, reg3, regl 
-» fprasisrd) reg2, reg3, <ea>, regl 
— » fpTns{s,d) reg4, reg2, regj, regl 



regl *- operand2 - (reg2 * operandi) — » fpmss 



<eal>, reg2, <ea2>, reel 
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*^.._. Multiply-Reverse Subtract 



The multiply-reverse subtract instruction takes the form: 
f pmrr X, fpai, fpay. fpan 

t can be cither s or d, and X is either an <ea> or fpaO through fpa31. In the 
extended form. X and fpay can be exchanged. In single precision form, either X 
and fpay or fpax and fpay can be <ea>. 

Note that the following example: 

fpmrs do, fpal, fpa2, fpa3 

is equivalent to the following sequence of instructions: 



fpmulSs 
fpaubSa 
fpmoves 



dO, fpal, temp 
fpa2, temp, temp 
temp, fpa3 



The following examples show the different forms of operations, and an assembly 
code equivalent for each form: 



regl ♦- (-reg3) ♦ (reg2 * operand) 
regl t- (-operand) + (teg3 • reg2) 
regl ♦- (-reg3) + (reg2 • reg4) 
regl ♦- (-operand2) + (reg2 • operandi) 



fp[nr(s,d) <ea>, reg2, reqj, regl 
fp!iir(s,d) reg2, reg3, <ea>, regl 
fpmr{s,d) reg4, reg2, reg3, regl 
fpmrs <eal>, reg2, <ea2>, regl 



Add-Multiply 



The add-multiply instruction takes the form: 
f pamf X, fpax, fpay, fpa« 

t can be either s or d, and X is either an <ea> or fpaO through fpa3 1 . In the 
extended form, X and fpay can be exchanged. In single precision form, either X 
and fpay or fpax and fpay can be <ea>. 

Note that the following example: 

fpams fpal, fpa2, fpa3, fpa4 

is equivalent to the following sequence of instructions: 



fpaddSa 
fpmul33 
fpmoves 



fpal, fpa2, temp 
temp, fpa3, temp 
temp, fpa4 



The following examples show the different forms of operations, and an assembly 
code equivalent for each form: 
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regi «- reg3 ' (reg2 + operand) 
regl ♦- operand • (reg3 * reg2) 
regl «— reg3 • (reg2 + regO 



— » fpam(s,cr <ea>, regi, regj, reel 
— » fpam(s,d) reg2, regj, <ea>, regl 
-♦ fpam(5,d; reg<, reg2, regj, reel 



regl 4- operand2 • (reg2 + operandi) -♦ fpams 



<eai>, reg2 , <ea2>, regl 



Subtract-Multiply 



) 



v^'- 



The subtract-multiply instruction takes the following form: 
fpsmt X. fpar, fpay, fpan 

f can be either s or d, and X is either an <ea> or fpaO through fpa3 1 . In the 
extended form, X and fpay can be exchanged. In single precision form, either X 
and fpa>' or fpax and fpay can be <ea>. 

Note that the following example: 

fpsms do, fpal, fpa2, fpa3 

is equivalent to the following sequence of instructions: 



fpsub35 
fpmul3s 
fpmoves 



do, fpal, temp 
temp, fpa2, temp 
temp, fpa3 



The following examples show the different forms of operations, and an assembly 
code equivalent for each form: 

regl «- reg3 * (reg2 - operand) -> fpsm(s,d) <ea>, reg2, reg3, reel 

regl ♦- operand * (reg3 - reg2) -> fpsmis.d) reg2, reg3, <ea>, regl 

regl ♦- reg3 * (reg2 - reg4) -» fpsmis.d) reg4, reg2, regj, regl 

regl *- reg3 • (-reg2 + operand) -+ fpsm(s,d) reg2, <ea>, reg3, regl 

regl <- reg3 • (-reg2 + regO -» fpsm(s,d) reg2, reg4, reg3, regl 

regl «- operand2 • (reg2 - operandi) —► fpams <eal>, reg2, <ea2>, regl 

regl ♦- operand2 » (-reg2 + operandi) — » fpsms reg2, <eal>, <ea2>, regl 



Other Operations 



The following list shows operations not covered in previous sections. In each of 
these, the last operand is the destination, except for tst, cmp, and mcmp, where 
fpstatus is the implied destination. Note that X is either an <ea> or fpaO through 
fpa3 1 . Also, f is either s ord for all operations except fpmover, where ns either 
s, d, or /(for long). 
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Table 4-1 Other Operations 



Opcode 



fpnop 

fptstf 

fpcmpf 

fprncmpr 

fpmovef 

fpmoveZr 

fpmoveSf 

fpmove4r 

fpdotZf 

fpdot3r 



fptran2f 

fptran3f 

fptran4f 

fpmove 

fpmove 

fpmove 

fpmove • 

fpmover 

fpmovef 



Operands 



X 

X, fpam 
X, fpam 
fpam, fpan 
fpam, fpzn 
fpam, fpan 
fpam, fpa/i 
fpax, fpay, fpan 
f^ax, f^ay, fpan 



fpdot4r fpaj:, fjpay, fpan 



fpam, fpan 
fpam, fpan 
fpam, fpan 
fpamode,<ea> 
<ea>, fpamode 
fpastatus. <ea> 
<ea>, fpastatus 
fpam, <ea> 
<ea>, fpan 



Operation 



nop 

operand compare with zero 

register m compare with operand 

register m compare magnitude with operand 

move floating-poini registers 

2x2 matrix move 

3x3 matrix move 

4x4 matrix move 

fpan «- fpax*fpay + (fpar+7) • (fpay+/) 

fpan f- l^ar*fpay + {fpzx+l) * (fpay+7) + 

(lpax-^2) • (fpay^2) 

fpan <- fpax*fpay + (fpaj:+7)*(fpay+/) + 

(fpax+2)*(fpay+2) + (fpax+i)*(fpay+5) 

transpose 2x2 matrix 

transpose 3x3 matrix 

transpose 4x4 matrix 

read mode register 

write to mode register 

read status register 

write to sutus register 

read a floating-point data register 

write to a floating-point data register 



Floating Point Compares 



The 68020 convention defines how bits are set up in the CC register for floating 
point compares. However, Sun provides a number of pseudo-ops to to provide 
conditional branching after a floating point condition has been loaded into the 
CC register. Use the following form: 



fpcmpt 


X, fpam 


fpmove 


fpstatua, dn 


jfcc 




where cc 


. 


eg 


equal 


ne 


not equal 


It 


less than 


11 


less than or equal 


gt 


greater than 


g= 


greater than or equal 



FPA Errors Messages 



In addition to its normal error reports, the assembler reports the following FPA- 
specific errors: 

a It reports irivalid operand in double precision operations, when abso- 
lute short addressing, single data, or address register is used. 
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4.3. Instruction Set 
Summary 



c For most instructions where one operand is an <ea>, the regisrer ranee is :c 
15. If all operands are FPA registers, then the register ranee IS to 31. For 
constant RAM registers, the range is to 51 1. The assembler reports an 
invalid operand, and register out of range when an> 
instruction specifies one of these registers outside of its range. 

The following table shows the entire set of FPA assembler instructions. Note 
that in some three and four-operand instructions, the positions of X and the FP.-^ 
register can be exchanged. This is shown in the fourth column. 



Table 4-2 Instruction Set Summary 



OPCODE OPERANDS 



OPERATION 



fpnegs 


X, fpaA! 


fpnegd 


X, fpan 


fpabss 


X, fpan 


fpabsd 


X, fpan 


fpltos 


X, fpan 


f pi tod 


X, fpan 


fpstol 


X, fpan 


fpdtol 


X, fpan 


fpstod 


X, fpan 


fpdtos 


X, fpan 


fpsqrs 


X, fpan 


fpsqrd 


X, fpan 


fpadds 
fpadd3s 


X, fpan 

X, fpa/n, fpan 


fpaddd 
fpadd3d 


X, fpan 

X, fpam, fpan 


fpsubs 

fpsubSs 

fprsubs 


X, fpan 

X, fpa/n, fpan 

<ea>, fpan 



negate single 

negate double 

absolute value single 

absolute value double 

convert integer to single 

conven integer to double 

conven single to integer 

convert double to integer 

conven single to double 

conven double to single 

square single 

square double 

add single 
add single 

add double 
add double 

subtract single 
subtract single 
reverse subtract single 



ALTERNATIVE 



fpam, X, fpan 
fpam, X, fpan 
fpam, X, fpan 
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Table 4-2 Instruction Set Summary — Continued 



V_^ 



OPCODE 


OPERANDS 


OPERATION 


1 
ALTERNATIVE 


fpsubd 

fpsub3d 

fprsubd 


X. fpan 

X, fpa/n, fpan 

<ea>, fpa/i 


subtract double 
subtract double 
reverse subtract double 


1 
fpam, X, fpan i 

1 


fpmuls 
fpmuI3s 


X, fpa/j 

X, fpam, fpan 


multiply single 
multiply single 


fpam, X, fpan | 


fpmuld 
fpmul3d 


X, fpan 

X, fpam, fpa« 


multiply double 
multiply double 


fpam, X, fpan 


fpdivs 

fpdiv3s 
fprdivs 


X, fpa/i 

X, fpam, fpa/i 

<ea>, fpa/j 


divide single 
divide single 
reverse divide single 


fpam, X. fpan 


fpdivd 
fpdiv3d 


X, fpan 

X, fpa/n, fpa/z 


divide double 
divide double 


fpam, X, fpan 


fprdivd 


<ea>, fpan 


reverse divide double 




fpnop 




nop 




fptsts 


X 


single compare widi 




fptstd 


X 


double compare with 




fpcmps 


X, fpa/n 


single compare 




fpcmpd 


X, fpa/n 


double compare 




fpmcmps 


X, fpa/n 


single magnitude compare 




fpmcmpd 


X, fpam 


double magnitude compare 




fpsins 


fpax, fpa/i 


sine single 




fpsind 


fpar, fpa/t 


sine double 




fpcoss 


fpa;c, fpart 


cosine single 




fpcosd 


fpar, fpan 


cosine double 




fpatans 


fpajT, fpa/i 


atan single 




fpaiand 


fpar, fpa/i 


atan double 




fpetoxs 


fpa;<:, fpa/i 


e"x sincle 
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Table 


4-2 Instruction Set Summary — Continued 




OPCODE 


OPERANDS 


OPERATION 


ALTERNATIVE 


fpetoxd 


fpar, fpan 


e'x double 




fpetoxmls 


fpax, fpan 


e*x-l single 




fpeioxmld 


fpax, fpan 


c*x-l double 




fplogns 


fpax, fpa/i 


ln(x) single 




fplognd 


fpax, fpan 


ln(x) double 




fplognpls 


fpax, fpan 


ln(l+x) single 




fplognpld 


fpax, fpan 


ln(l+x) double 




fpsincoss 


fpax, fpacrfpa^ 


fpac <— cosine(x), 
fpaj <- sine(x) 




fpsincosd 


fpax, fpac:fpax 


fpac <— cosine(x), 
fpaj <— sine(x) 




fpmas 


X, fpax, fpay, fpan 


fpan <— (fpax * X) + fpay 


fpax, X, fpav, fpan 
fpay, fpax, X, fpan 



fpmad 



fpmss 



fpmsd 



fpmrs 



X, fpax, fpay, fpan fpan <- (fpax * X) + fpay 



X, fpax, fpay, fpan fpan *- fpay - (fpax * X) 



fpmrd 



X, fpax, Ipay, fpan fpan ♦- fpay - (fpax * X) 



X, fpax, fpay, fpan fpan *- (fpax * X) - fpay 



X, fpax, fpay, fpan fpan i- (fpax ♦ X) - fpay 



X, fpax, X, fpan 
fpax, X, X, fpan 

fpax, X, fpay, fpan 
fpay, fpax, X, fpan 

fpax, X, fpay, fpan 
fpay, fpax, X, fpan 
X, fpax, X, fpan 
fpax, X, X, fpan 

fpax, X, fpay, fpan 
fpay, fipax, X, fpan 

fpax, X, fpay, fpan 
fpay, fpax, X, fpan 
X, fpax, X, fpan 
fpax, X, X, fpan 

fpax, X, fpay, fpan 
fpay, fpax, X, fpan 
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Table 4-2 Instruction Set Summary — Continued 



OPCODE OPERANDS 



OPERATION 



fpams X, fpax, fpzy. fpan fpan «- (fpax + X) • fpay 

fpamd X, fpax, fpay, fpan fpa/i <- (fpax + X) * fpay 

fpsms X, fpax, fpay, fpan fpan *- (fpax - X) * fpay 

fpsmd X, fpax, fpay, fpan fpan *- (fpax - X) • fpay 

write to a register, single 

write to a register, double 

write to a register, integer 

read a register, single 

read a register, double 

2x2 matrix move, single 

2x2 matrix move, double 

3x3 matrix move, single 

3x3 matrix move, double 

4x4 matrix move, single 

4x4 matrix move, double 

fpan <— fpax*fpay + 
(fpax+7)*(fpay+7) 



fpmoves 


<ea>, fpan 


fpmoved • 


<ea>, fpan 


fpmovel 


<ea>, fpan 


fpmoves 


fpam, <ea> 


fprnoved 


fpa/n, <ea> 


fpmove2s 


fpan:, fpan 


fpmove2d 


fpanx, fpan 


fpmoveSs 


fpa/n, fpan 


fpmove3d 


fpam, fpan 


fpmove4s 


fpam, fpan 


fpmove4d 


fpam, fpan 


fpdot2s 


fpax, fpay, fpan 



fpdot2d 



fpax, fpay, fpa/i 



fpan <— fpax* fpay + 
(fpax+7) * {fpay -hi) 



ALTERNATIVE 



fpax, X, fpay, fpan 
fpay, fpax, X, fpan 
X, fpax, X, fpan 
fpax, X, X, fpan 

fpax, X, fpay, fpan 
fpay, fpax, X, fpan 

fpax, X, fpay, fpan 
fpay, fpax, X, fpan 
X, fpax, X, fpan 
fpax, X, X, fpan 

fpax, X, fpay, fpan 
fpay, fpax, X, fpan 



♦ 
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Table 4-2 Instruction Set Summary — Continued 



OPCODE 


OPERANDS 


fpdot3s 


fpai, fpa>, fpan 


fpdot3d 


fpax, fpa^, fpan 


fpdot4s 


fpar, fpav, fpan 



fpdot4d fpar, fpay, fpzn 



fptranZs • 


fpa/71, fpa/t 


fptran2d 


fpam.fpan 


fptran3s 


fpam, fpan 


fptranSd 


fpam.fpan 


fptran4s 


fpam, fpan 


fptran4d 


fpam.fpan 


fpmove 


fpamode, <ea> 


fpmove 


<ea>, fpamode 


fpmove 


fpasutus, <ea> 


fpmove 


<ea>, fpastatus 



OPERATION 



ALTERNATIVE 



fpan ♦— fpax* fpay -»■ 
(fpax+7)*(fpay+/) + 
(fpax+2) * (fpay+2) 

fjpan ♦- ^az^fpay + 
(fpax+7)*(fpa>'+7) + 
(fpax+2) • (fpay+2) 

fpan i— fpa2*fpay + 
(fpax+/)*(fpay+7)-i- 
(fpax-A2)*(fpa>'+2) + 
(fpax-fJ)*(fpa>'+5) 

fpan *— fpaz*fpay + 
(fpax+yrcfpay//)* 
(fpax+2)*(fpay+2) + 
(fpax+5)*(fpay+i) 

transpose 2x2 matrix, single 

transpose 2x2 matrix, double 

transpose 3x3 matrix, single 

transpose 3x3 matrix, double 

transpose 4x4 matrix, single 

transpose 4x4 matrix, double 

read the mode register 

write on mode register 

read the status register 

write to status register 
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Command Translations 



45 



5.1. Register RAM Accesses 

5.2. Single Precision Shon 

5.3. Double Precision Shon ... 

5.4. Extended 

5.5. Shadow RAM Read 

5.6. Command Register 



45 
46 
47 
47 
48 
49 




5 



j^ ,^ ■■:■.■:■:-:■: . , •■■,• ,; -:-; j-^; : ■ ■ "■ ■>■-.;-■■:.■■:-. .^ ^.■■■.■.■■:,--.--;--^-^ 



Command Translations 



This section provides a general description of how to reference the FPA board. I: 
provides examples of commands that might be used to do this. 

NOTE Normally, users have no need to deal with the issues in this chapter; the assem- 
bler does it for them. 

The 68020 uses move instructions to manipulate the FPA. The examples in this 
chapter use the move/ instruction. The address portion of this instruction provides 
information about the move; bits 28 through 31 must be OxE to identify an FP.A 
access, and bits 02 through 12 contain fields which describe the operation to the 
FPA. The purpose of this section is to illustrate the meaning of address bits 02 
through 12. 

' . / NOTE The FPA only uses bits 2 through 12; bits and 1 are always O's and appear as 

\_ , such in these examples. 

The readywrite line determines whether the access is a read or a write. 

The address takes the form: 

EOOOXXXX 

where XXXX represents address bits through 12 . 

5.1. Register RAM This example shows a typical register RAM access that loads an operand to 

Accesses FPRO. The general form of the command is: 

movel operand, FPA_addre3s (OxOC04) 

The address field contains the value 0xE0000C04; the leading E identifies 
this as an FPA address, the 000 are not used, and address bits through 12 con- 
tain: 
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5.2. Single Precision Short 



000 OILOO 0000 01 00 

I I I |_Unu3ed (must be O's) 
I I |_Identifies this as the Isw 
I |_Select3 FPA register (FPRO) 
|_Identifie3 this as register RAM access 
_Unu3ed (must be O's) 

compressed into 4 -bit fields: 

0000 1100 0000 0100 

or, in hex: 

0x0C04 

A single precision short command acnially causes the FPA to process a number. 
Note that the command in this example places the result in FPR5, and that to 
obtain the result, the 68020 must read the contents of FPR5 from shadow RAM 
or register RAM as shown later. 

The following example shows an add, where: 

FPR5 < — operand + FPR5 

It can be expressed as: 

movel operand, FPA_addre3s (OxOSAS) 

Again, the address field holds the value Z00003A8. According to the single 
precision short command description in the chapter "Machine Level Code", 
address bits through 12 should be: 

000 00 0111 0101 00 

I I I |_Unused (must be O's) 
I I l_Specifies single precision 
I |_Identifie3 FPR5 
l_Identifie3 operation as "add" 
_Specif ies * 'short' ' 
_Unu3ed (must be O's) 

compressed into 4'bit fields: 

0000 0011 1010 1000 

translated into hex: 

0x03A8 
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5.3. Double Precision Short 



A double precision short requires two accesses; one to load the most significant 
32 bits of the operand, and another to load the least significant 32 bits. The fol- 
lowing example shows the same command as the above example, except this 
time it is a double precision: 

movel operand, FPA_address (0x03AC) 
movel operand, FPA_addre3S (0x1000) 

The operand ponion of the firet instruction contains the most significant portion 
of the overall operand. Address bits through 12 will be different for both 
instructions. The first contains: 

000 00 0111 0101 1 00 

I I I |_Unu3ed (must be O's) 
I I |_Specifies double precision 
I |_Specifie3 FPR5 
|_Identif ies operation as ^ 'add' ' 
|_Specifies ''short'' 
_Unused (must be O's) 

compressed into 4-bit fields: 

0000 0011 1010 1100 
translated into hex: 
OxOSAC 

In the second access, address bits through 12 are different, and the data field 
contains the least significant half of the operand: 

000 10 00000000000 

I i l_Unused (must be O's) 

I |_Specifies ''double precision short, second half' 

|_Unused (must be O's) 

compressed into 4-bit fields: 

0001 0000 0000 0000 
translated into hex: 
0x1000 



5.4. Extended 



v_v 



This example shows an extended command that multiplies an operand by the 
value in an on-board register. Because it is an extended instruction, it requires 
two 68020 instiuctions: 

movel operand, FPA_addre3s (0x1408) 
movel operand, FPA_address (6x1820) 

In both of these, bits through 12 of the address contain information for the 
ITA. The first appears: 
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5.5. Shadow RAM Read 



000 1 01000 0001 00 
I I 1 |_Unused (must be O's) 
I I |_Identifie3 single precision 
I l_Specifie3 reg2 - FPRl 
|_Identif ies operation as ' "multiply' ' 

Identifies extended format 
_Unused (must be O's) 

Compressed into 4-bit fields: 

0001 0100 0000 1000 
and in hex: 

0x1408 

Bits through 12 of the second 68020 instruction appear 

000 11 0000 0100 00 
I I I l_Unu3ed (roust be O's) 
I I |_Unused (must be 0) 
I l_Specifie3 regl - FPR4 
I Unused (this command doesn't use reg3) 

_Identifie3 extended format 
_Unu3ed (must be O's) 

Compressed into 4-bit fields: 

0001 1000 0010 0000 
and in hex: 

0x1820 

The FPA maintains copies of FPRO through FPR7 in the shadow RAM for fast 
read capability. The read for FPRl would look like: 

movel FPA_addres3 (OxOEOS), destination 

The address contains the value OxEOOOOEOS. Address bits through 12 con- 
tain: 
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000 0111000 001 00 

I I I l_Unused (must be O's) 
I I |_Signif cance 
I |_Regi3ter select 
|_Operation identifier 
_Unused (must be O's) 

compressed into 4-bit fields: 

0000 1110 0000 1000 



or, in hex: 



OxOEOS 



5.6. Command Register 



The command register format uses the data field of the 68020 instniction as 
infonnation for the FPA, so the operands must already be in register RAM when 
this instruction is executed. 

This example shows a double precision sine. Assuming that the operand is 
already in register RAM, the 68020 command line appears: 

movel connnand, FPA address (0x0804) 



Bits through 12 of the address contain: 

000 010 000000 1 00 

I I I |_Unused (must be O's) 
I I |_Specifies precision (1 for 'Mouble'') 
I I I |_Identifies operation (sine) 
|_(Not) Weitek direct 
^Identifies this as command register command 
|_Unu3ed (must be O's) 

compressed into 4-bit fields: 

0000 1000 0000 0100 

and in hex: 

0x0804 

And the data field contains: 
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00000 00000000 00000011 00010 

I I I I I |_Identifies F?R2 

Unused I I l_Unused 

1 |_Identifies FPR3 

I Specifies operand source as registe: 

compressed into 4-bit fields: 

0000 0000 0000 0000 0000 0000 1100 0100 

and in hex: 

0X000000C4 
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lERR ~ 

IMASK 

STATE Register 

LOAD_PTR 

LD_RAM „. „ _......: 

Pipe Access Registers 

MODE Register 

WSTATUS 

READ_REG 

Register and Microcode Address 

PIPE_STATUS _ „ 

HARD_CLEAR PIPE 

CLEAR PIPE 
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Control Registers 



This chapter lists and describes all the system control registers. It lists the condi- 
tions under which the register can be written or read and describes the contents of 
each register. 

Accesses to these registers are described in the chapter "Machine Level Code". 

Note that unspiecified bits return an unknown value when read. 

lERR The bits in this register identify the cause of any errors. Ifabit»l,the 

corresponding error occurred. 

It can be written and read. 

+ + + + * 

I Inimediate errors I 

+ + + + + 

BIT ERROR 

16 non-32 bit access 

17 protection violation: 

user write to supervisor space; 
attempt to write regRAM without 

regRAM-access enable bit set; 
attempt to access ustore/map RAM 

without load enable bit set; or 
attempt to access illegal address 

18 illegal access: 

reading a write-only address, or 
writing a read-only address 

19 attempt to execute via microcode 

when the load enable bit is set 

20 illegal access sequence 

21 hung pipe - pipe access 

shadow access 
control access 

22 256th retry 

23 illegal control register address 
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IMASK 



Writes to this register turn the Weitek. inexact error bit ON and OFF; reads tell 
you whether it is ON or OFF. 

It can be written and read. 

+ + + + + 

1 Inexact Error Mask. (1 bit) I 

+ + + + + 

CONTENTS 



BIT 




iriexact error mask: 

- errors are disabled 

1 - errors are enabled 



STATE Register 



The state register contains assorted information about the FPA. It can be read 
anytime, but written from the supervisor state only: 

+ + + + + 

1 enable bits / context number I 
+ + + + + 



BIT 

4:0 

6 



5,7 



CONTENTS 

current context 

register RAM access enable bit 

- Disables access to 

reg RAM via pointer. 

1 - Enables access 
load enable bit 

- Disables access to microstore. 

1 - Enables access to microstore. 

Disables execution of instruc- 
tions which use the microstore. 
(The data from bit 7 is written to bits 
5 and 7 of the STATE register. The 
contents may be read from either bit.) 



LOAD PTR 



The load pointer is used to directly access register RAM. These accesses are 
described in the "Load Pointer Access" section of the chapter "Machine Level 
Code". 

While this register also works with the LD_RAM (load RAM) register access, 
these accesses arc not described or supported in this manual. 



+ 

I 


+ + + 

i pointer to RAM 


1 


+ — — 

bits 


contents 




13:2 


register RAM address 




1:0 


ignored 
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LD RAM This register is used to directly access the micromachine. These accesses are not 

described or supported in this manual. 

Pipe Access Registers The pipe access registers allow you to insjject the contents of the instruction pipe. 

These are read-only; you cannot write directly to the pipe. The | v | bits deter- 
mine whether that pan of an instruction is valid (v - is valid; v - I indicates 
invalid): 

PIPE_ACT_INS (r) + + + -^ 

|v| inatr, lat half |v| instr, 2nd half 
PIPE_NXT_INS (r) + + + + 

|v| instr, 1st half lv| instr, 2nd half 
PIPE_ACT_D1 (r) + + + + 

1 data, 1st half 
PIPE_ACT_D2 (r) + + + + 

1 data, 2nd half 
PIPE_NXT_D1 (r) + + + + 

I data, 1st half 
PIPE_NXT_D2 (r) + + + + 

I data, 2nd half 

+ . + + + 

NOTE Bits 15 and 31 (M) of the P1PE_ACTJNS and PIPEJDCTJNS registers indi- 
cate whether that instruction was a valid instruction previously issued by the 
processor: Ifv-1, instruction was not valid and a valid instruction does not 
exist in the pipe, lfv-0, instruction was valid and a valid instruction does exist 
in the pipe. Each instruction half is the address to which that access was origi- 
ruilly written (the jv/ bit is appended). To retransmit an instruction a 
PIPE_xxx_Dy register is written to the address specified by the corresponding 
half of the corresponding PIPEjoocJNS register. This address should be offse: 
by OxEOOOOOOO. To retransmit, mask all bits except 2 - 12. 

Bits 0. 1, 13. 14, 16. 17, 29 and 30 ofPIPE_xxxJNS are undefined All 
undefined bits are undefined during reads, and should be masked to Ofor writes. 

MODE Register This register contains the Weitek MODE bits. To write this register, use the 

form fpmove <ea>, fpaimode. To read this register, use the form 
fpmove fpamode, <ea>. 

+ + + + + 

I I Mode (0:3) I 

+ + + + + 

bits contents 
3:0 Mode bits 3:0 of the Weitek chips. 

Consult the Weitek spec for a 
complete description. 

NOTE Certain transcendental functions may hang if the mode register contains a value 
other than 0x2. 
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V. WSTATUS This register contains the Weitek status bits latched out from the Weitek chips 

when they complete an operation. To read this register, use the form f pmovel 
fpastatus, <ea>. To write this register, use the form fpraovel <ea>, 
fpastatus. 

Writing to this register does not affect the Weitek chips. However, after a con- 
text switch, it may be necessary to restore the stams bits from the original con- 
text. 

On power up and after a clear pipe, the Weitek status is invalid until these bits 
are seL This occurs every time the WSTATUS register is updated by the micro- 
code. 

The WSTATUS register is updated by the microcode on every arithmetic opera- 
tion or compare. When an instruction that involves multiple arithmetic opera- 
tions (dot product, multiply-accumulate, transccndentals) is executed, the status 
will correspond to the last operation, unless there is an exception, in which case 
the status will correspond to the operation that generated die exception (no indi- 
cation is given as to which operation is in error). The WSTATUS register is 
updated by the microcode on every arithmetic operation or compare. When an 
instruction is executed that involves multiple arithmetic operations (dot product, 
multiply- accumulate, transccndentals), the status will correspond to the last 
operation, unless there is an exception, in which case it will correspond to the 
operation that generated the exception (no indication is given as to which opera- 
tion is in error). 
+ + + + + 

''--"' I Weitek Status and Error Indicators I 

+ + + + + 

bits contents 
15 Weitek error (WERR - excluding unimpl. instr.) 

" error 

1 - no error 

14 unimplemented instruction 

13 status valid: 

11:8 status taken directly from Weitek chips 

4:0 decoded status - Weitek comp cond 

equal (0000) 4 (00100) 

less than (0001) 25 (11001) 

greater than (0010) (00000) 

unordered (1111) 2 (00010) 

all other values (00000) 

NOTE The decoded status fields correspond to Sun's conventional use of the 68020 
status register for floating point condition codes. For information on floating 
point compares, see the chapter "Assembly Language Programming" . 

NOTE If the pipe hangs and bits 11 through 8 contain a 0x4, this indicates either that a 
transcendental operation had an operand "out of bounds" , or that the mode 
register contains a value other than 0x2 (transcendentals require that the mode 
register contain 0x2). The Weiteks define status 0x4 as ' 'not used" ' . 
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READ REG 



The read register (READ_REG) displays the contents of the read latch (see Fig- 
ure 1). This is the latch used by the niicrocode to reaim data to the processor. 
Direct access to this register is provided for diagnostic purposes only: 



31 



I microcode read latch 
+ + + 



Register and Microcode 
Address 



The register and microcode address register (REG_UST_ADDR) allows you to 
read the current address in microstore, and in register RAM. Note that register 
RAM addresses are only 13-bits long; bits 29 - 31 provide the current address in 
the MUX SELECT: 



curr regRAM addr 



.+ + 

I curr ustore address 

.+ + 



bits contents 

11:0 current ustore address (from mux) 

27:16 current regRAM address (from mux) 
31:29 current regRAM address mux select 
bits (from ustore) 



PIPE STATUS 



The pipe status register returns bits describing the current state of the instruction 
pipe. The hardware latches these status bits directly regardless of whether the 
pipe is moving or stable. After any latched data has stabilized, the data is 
returned to the processor. 



This register is read only. 
as listed in Table 6-1. 



It can be read from an immediate or a stable address, 
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+ 

I 

+ 

BIT 
16 



17 
18 

19 

20 
21 
22 
23 



._+ + + + 

I pipe status bits I 
._+ + + + 

CONTENTS 

stable bit: 

- pipe may change state 

1 - pipe is : 

clear (no pending instructions) 
hung ( a WERR has occured) 
waiting for 2nd half of instr 
Weitek. error has occurred 
pipeline waiting for 2nd access of 

2-acce33 instruction 
micromachine waiting for 2nd access of 

2-acce33 instruction 
|v| bit from PIPE_ACT_INS - Ist half 
|v| bit from PIPE_ACT_INS - 2nd half 
lv| bit from PIPE_NXT_INS - 1st half 
|v| bit from PIPE NXT INS - 2nd half 



HARD CLEAR PIPE 



This register can be written from the supervisor state only; it clears the instruc- 
tion pipe and the command register. All pending instructions are lost and Weitek 
status is lost. This access requires supervisor privilege, and is write only: 



+ + + + + 

I clear pipe and cmd reg of current contents I 
+ + + + + 



CLEAR PIPE 



Writing anything to the clear pipe register clears the instruction pipe. All pend- 
ing instructions are lost and Weitek status is lost. This register is write only: 



+ + + + 

I clear pipe of current contents 

+ + + + 



Register List 



The following table lists the registers and the conditions pertinent to each: 
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Table 6-1 


Control R 


egisters 






Reg 
Name 


Addr 


Spec 
Info 


Write 
Cond 


Read 
Cond 


Description 


STATE 


OxFlO 


sucx 


C 


I 


Contains enable bits and 


IMASK 


0xF14 


ex 


C 


I 


eurrent context. 
Masks Weiiek inexact 
error bit 


L0AD_F1R 


OxF18 


ex 


c 


I 


Describes a load opera- 
tion for LD_RAM 


lERR 


OxFlC 


ex 


I 


I 


Contains errors on FPA 
board. 


LD_RAM 


OxFCO 


le 


c 


C 


Implements action 
described in 
LOAD_PTR. 


PIPE_ACT_INS 


0xF20 


ex 




s 


Contains the active pip>e 
instruction. 


PIPE_NXT_INS 


0xF24 


ex 




s 


Contains the next pipe 


PIPE_ALr_Dl 


0xF28 


ex 




s 


instrueiion. 

Contains the first half of 


PIPE_ACT_D2 


0xF2C 


ex 




s 


active pipe data. 
Contains the second half 


PIPE_NXr_DI 


OxF30 


ex 




S 


of active pipe dau. 
Contains the first half of 


PIPE_NXT_D2 
MODE3_0 


0xF34 
OxFA'S 


ex 
mc ex 




s 

CS-> 


next pipe data. 
Contains the second half 
of next pipe data. 
Gear - OxFB8; Stable - 
OxF38. Contains the 
Weitek MODE bits. 


WSTATUS 


OxFA'C 


me ex 




CS-> 


Qear - OxFBC; Stable - 
OxF3C. Contains 
Weitek status and error 
indicators. 


READ_REG 


OxF60 






s 


Reads contents of 
READ latch. 


REG_uST_ADDR 


0xF64 






s 


Contains current micro- 
store address, register 
RAM address, and 
MUX SELECT address. 


WLWF_REG 


OxF6C 








Displays current L+ and 
F+ bits being sent to 
Weiteks. 


PIPE_STATUS 


OxFA^S 






IS 


Immediate - 0x48F; 
Stable - 0x46F. 
Displays pipe status. 
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Table 6-1 


Control R 


egisters — 


Continued 


Reg Addr 
Name 


Spec 
Info 


Write 
Cond 


Read 
Cond 


Etescription 


HARD CLEAR_PIPE OxF80 
CLEAR PIPE 0xF84 


su 


S 
S 




Clears all pipe registers 
and the command regis- 
ter (where microstore 
outputs its commands) 
Pending instructions are 
lost and the Weitek 
status is cleared. 
Qears all pipe registers. 
Pending instructions are 
lost and the Weitek 
status is cleared. 



The write and read conditions are: 

I Immediate — Data is always wrinen or returned immediately. Either these 
registers cannot be altered by an advance of the instruction pipe, or they 
describe the state of the instruction pipe. 

C Clear — To assure that data is not changed after it is read, the FPA waits for 
the pipe to clear before writing or returning the data. If the pif>e hangs on an _ 
error, the FPA returns a negative acknowledge. ') 

S Stable — The FPA waits for the pipe to stabilize on one of the following 
conditions before writing or returning the data: 

clear 

hung on error 

waiting for second half of an instruction 

combination of hung and wailing 

The special conditions are: 

su Supervisor only — Writes are only allowed from supervisor space. 

le LOAD_EN bit in STATE register — The LOAD_EN (load enable) bit in the 
STATE register must be ON. 

ex Context switch — Contents must be saved on context switch. 

mc Microcode — These are written via microcode. The procedure to read and 
write them is described in the sections on these registers eariier in this 
chapter. 



c; 
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Addresses in Constant RAM 



This appendix provides the locations of values in constant RAM. The following 
table lists the name of the constant, its offset, and the value stored there. Note 
that the offset is the actual number you place in an FPA register to access the 
value (see the chapter "Machine Level Code"). 

The hardware translates these offsets into an actual address in the constant RAM: 



Table A- 1 Addresses in Constant RAM 



) 



Name 


Offset 


Hex Value 


Description 


Dec Value 


szero 





00000000 


single precision zero 





dzero 





0000000000000000 


double precision zero 




sminsub 


1 


00000001 


minimum subnormal 


1.401298464324817071E-45 
2"-150 


dminsub 


I 


0000000000000001 


minimum subnormal 


4.94065645841 2465442E-324 
2'»*-1075 


smaxsub 


2 • 


007FFFFF 


maximum subnormal 


1.175494210692441075E-3S 
2"*-127-2**-150 


dmaxsub 


2 


UOOi-bi-l-l-i-l-i-i-l-i-i-i- 


maximum subnormal 


2.225073858507200889E-308 
2**-1023-2**-1075 


smirmorm 


3 


00800000 


minimum normal 


1.175494350822287508E-38 
2**- 127 


dminnorm 


3 


0010000000000000 


minimum subnormal 


2.225073858507201383E-308 
2**-1023 


smaxnorm 


4 


71-7FFhFF 


maximum normal 


3.402823466385288598E+38 
2**127 -2** 103 


dmaxnorm 


4 


7i-HFhh'FFhFhhi-hhi- 


maximum normal 


1.797693 1348623 15708E+308 
2**1023-2**970 


sinf 


5 


7F800000 


infinity 




dinf 


5 


7FF0O0OO00OO0000 


infinity 




ssnan 


6 


7FBFFhi-F 


signalling NaN 
(Not a Number) 




dsnan 


6 


VFFyPFFFFFFFFFFF 


signalling NaN 




sqnan 
dqnan 


7 
7 


7FFFFFFF 


silent NaN 
silent NaN 




7FFFFFFFFFFFFFhF 


se 


8 


402DF854 


e 


2.718281745910644531 


de 


8 


4005BF0A8B 1457692 


e 


2.718281828459045091 
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Table A- 1 Addresses in Constant RAM — Connnued 


Name 


Offset 


Hex Value 


Description 


Dec Value 1 


s2pi 


9 


40C90FDB 


2*pi 


6.283185482025146484 


dZpi 


9 


401921FB54442D18 


2*pi 


6.283185307179586232 


spi 


A 


40490FDB 


pi 


3.141592741012573242 


dpi 


A 


40092 1FB54442D 18 


pi 


3.141592653589793116 


spio2 


B 


3FC90FDB 


pi/2 


1.570796370506286621 


dpio2 


B 


3FF921FB54442D18 


piy2 


1J70796326794896558 


ssqn2 


C 


3FB504F3 


sqrtof2 


1.414213538169860840 


dsqnZ 


C 


3FF6A09E667F3BCD 


sqrt of 2 


1.414213562373095145 


ssqrthalf 


D 


3F3504F3 


sqrt of 1/2 


7.071067690849304199E-1 


dsqrthalf 


D 


3FE6A09E667F3BCD 


sqn of 1/2 


7.07106781 1865475727E-1 


sone 


E 


3F800000 


one 


1 


done 


E 


3FF0000O00000000 


one 


1 


shalf 


F 


3F000000 


one half 


.5 


dhalf 


F 


3FE0000000000000 


one half 


.5 


smone 


10 


BF800000 


negative one 


-1 


dmone 


10 


BFFOOOOOOOOOOOOO 


negative one 


-1 


scwo 


11 


40000C00 


two 


2 


dtwo 


11 


4000000000000000 


two 


2 


sthrec 


Bl 


40400000 


three 


3 


dthree 


Bl 


• 4008000000000000 


three 


3 


sfour 


12 


40800000 


four 


4 


dfour 


12 


4010000000000000 


four 


4 


seight 


13 


41000000 


eight 


8 


deight 


13 


4020000000000000 


eight 


8 


slo2 


14 


3fD00000 


one half 


.5 


dlo2 


14 


3feOO00O000000O0 


one half 


.5 


slc4 


15 


3e80000O 


one quarter 


.25 


dlo4 


15 


3fd0000000000000 


one quarter 


.25 


slo8 


16 


3eO00000 


one eighth 


.125 


dlo8 


16 


3fc0000000000000 


one eighth 


.125 


slel 


17 


41200000 


ten 


10 


dlel 


17 


4024000000000000 


ten 


10 


sle2 


18 


42c80000 


one hundred 


100 


dle2 


18 


4059000000000000 


one hundred 


100 


sle3 


19 


447a0000 


one thousand 


1000 


dle3 


19 


408F400000000000 


one thousand 


1000 


sle4 


20 


461C4000 


ten thousand 


10.000 


dlc4 


20 


40C3880000000000 


ten thousand 


10,000 


sle5 


21 


47035000 


one hundred thousand 


100.000 


dleS 


21 


40F86A00O0O0O0OO 


one hundred thousand 


100,000 


slc6 


22 


49742400 


one million 


1,000.000 


dle6 


22 


412E848000000000 


one million 


1,000,000 


sle7 


23 


4B 189680 


ten million 


10,000,000 


die? 


23 


416312DOO000000O 


ten million 


10,000,000 


sle8 


24 


4CBEBC20 


one hundred million 


100,000,000 


dleS 


24 


4197D784000000GO 


one hundred million 


100.000,000 
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Table A-1 Addresses in Constant RAM — Continued 



Name 



Offset 



Hex Value 



Description 



Dec Value 



sle9 


25 


4E6E6B28 


one billion 


dlc9 


25 


41CDCD6500000000 


one billion 


slelO 


26 


501502F9 


ten billion 


dlelO 


26 


4202A05F20000000 


ten billion 


smpioZ 


27 


BFC90FDB 


pi/2 


dmpio2 


27 


BFF921FB54442D18 


pi/2 


slogle 


28 


3FB8AA3B 


log2(e) 


dlog2c 


28 


3FF7 154765 2B82FE 


log2 (c) 


slog2ten 


29 


40549A78 


log2 (10) 


dlog2ten 


29 


400A934F0979A371 


log2 (10) 


slogetwo 


2A 


3F317218 


loge(2) 


dlogetwo 


2A 


3FE62E42FEFA39EF 


loge(2) 


slogeten 


2B 


40135D8E 


loge(lO) 


dlogcten 


2B 


40026BB1BBB55516 


loge(lO) 


sloglOtwo 


2C 


3E9A209B 


loglO(2) 


dloglOtwo 


2C 


3FD34413509F79FF 


log 10(2) 


sloglOe 


2D 


3EDE5BD9 


log 10(e) 


dloglOe 


2D 


3FDBCB7B1526E50E 


loglO(e) 


smhalf 


2E 


BFOOOOOO 


negative one 


dmhalf 


2E 


• BFEOOOOGOCOOOOOO 


negative one 


slcl6 


2F 


5A0E1BCA 


10**16 


dlel6 


2F 


4341C37937E08000 


10**16 


sle32 


30 


749DC5AE 


10**32 


dle32 


30 


4693B8B5B5056E17 


10**32 


sle64 


31 


7f800000 


10**64 


dle64 


31 


4D384F03E93FF9F5 


10**64 


slel28 


32 


7f800000 


10**128 


dlcl28 


32 


5A827748F9301D32 


10**128 


sle256 


33 


7f800000 


10**256 


dle256 


33 


75154FDD7F73BF3C 


10**256 



1 



1,000,000.000 

1,000,000.000 

10,000.000.000 

10.000.000.000 

-1.570796370506286621 

-1.570796326794896558 

1.442695021629333496 

1.442695040888963387 

3.321928024291992188 

3.321928094887362182 

6.931 47 1824645996094E-1 

6.93 147 1805599452862E-1 

2.302585124969482422 

2.302585092994045901 

3.01O300099849700928E-1 

3.01029995663981 1980E-1 

4.3429449200630 1 8799E- 1 

4.3429448190325 18167E-1 

-1/2 

-1/2 

1.000000027256422400E+16) 

1 .OOOOOOOOOOOOOOOOOOE- 1 6 

1.000000033 18 13535 14E4.32 

1.0000000000O000O054E+32 

infinity 

1 .00000000000000002 1 E+64 

infinity 

1 .000000000000000075E+ 1 2S 

infinity 

1 .000000000000000030E+256 
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1 1 

THIS TABLE INDICATES THE PAGE ON WHICH EACH GATE 1/2 BUFFER ETC. OF A SECTIONED COMPONENT 












IS LOCATED — THE SECTION REFERS TO THE SECTIONS AS DEFINED BY THE CADROID LIBRARY 








COMP DESIG SECTION COMP DESIG SECTION 








TYPE 12 3 4 5 


TYPE 1 








FOO U0104 01 01 01 01 


F74 UOIOB 01 07 








FOO U0114 01 01 01 08 


F74 U0207 02 02 








FOO U0310 03 07 03 04 


F74 U0209 02 03 








FOO U0502 05 05 05 05 


F74 U0307 03 03 








FOO U0505 12 05 05 16 


F74 U0320 03 03 
F74 U0322 03 03 








F02 U0102 01 02 01 01 


F74 U0510 05 05 








F02 U0204 25 25 16 16 


F74 U0512 05 05 








F02 U0303 03 03 04 04 


F74 U0518 05 05 








F02 O0514 05 05 05 05 


F74 U0519 05 05 
F74 U0520 05 05 








F04 O0306 03 03 04 06 05 04 


F74 U0524 05 05 
F74 U0531 05 05 








FOB U0107 01 01 02 27 










FOB U0319 17 04 04 03 


F112 U0120 01 01 








FOB U0329 27 03 03 03 


F112 U0121 01 27 








FOB U0414 04 04 04 04 


F112 U0123 01 01 








FOB U1203 12 27 12 13 


F112 U0528 05 05 








FIO U0117 01 01 01 


ALS240 U0805 OB 22 








FIO U2007 20 20 27 


ALS240 U2114 21 21 








F20 U0313 03 03 


ALS244 U0708 07 09 








F20 U0315 03 03 


ALS244 U0911 09 09 








F20 U0612 06 08 


ALS244 U0922 09 09 
ALS244 U190fl 19 27 








F139 U0404 04 04 










F139 U0410 04 04 


F240 U0326 03 03 
F240 U0328 03 08 








DLY20 U0308 05 03 05 








vc 


DLYIO U0309 03 05 03 


F244 U0112 01 27 
F244 U0806 08 16 


:c 










THIS TABLE PROVIDES MORE INFORMATION ON THE JUMPERS 








J0301 J0302 J0501 JOlOl J1801 J1802 








CARRERA 1-2 1-2 1-2 1-2 








SIRIUS 3-4 3-4 3-4 1-2 








WEITEK VDD-4V 1-2 1-2 








WEITEK VDD-5V 3-4 3-4 








J0201 








DEFAULT SETTING 2-15 4-13 6-11 7-10 6-9 I5US RETRY SOUS TIMEOUT) 








J0701 J0702 J0703 








VERSION 1-2 1-2 1-2 CURRENT VERSION 








VERSION 1 1-2 1-2 3-4 








VERSION 2 1-2 3-4 1-2 








VERSION 3 1-2 3-4 3-4 








VERSION 4 3-4 1-2 1-2 








VERSION 5 3-4 1-2 3-4 








VERSION 6 3-4 3-4 1-2 








VERSION 3-4 3-4 3-4 
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